Introduction
============

Fascioliasis is a zoonotic and serious disease caused by infection with the digenetic trematodes of the genus *Fasciola*. Fascioliasis is important in medicine and veterinary medicine. Parasite causes medical and economic losses in livestock products ([@B1]--[@B3]). This disease is more commonly found in America, Europe, Africa and Asia ([@B1], [@B3]--[@B5]). These parasites inhabit in the biliary system of the affected hosts. *F. hepatica* and *F. gigantica* typified based on morphological features ([@B4], [@B6]--[@B9]). *F. hepatica,* is a cosmopolitan parasite of cattle, sheep, buffaloes, goats as an intermediate host and human are accidental host ([@B10]).

Today, many diagnostic techniques have been used to detect *F. hepatica* infection in ruminants, including microscopic observation of worm eggs in feces, detection of antibodies in sera ([@B11]), coproantigen ELISA (cELISA) ([@B12]) in feces and several biochemical markers in the blood ([@B13]). In human, parasitological diagnosis is more difficult due to the low parasite burden and a few eggs shedding of parasite.

Recent molecular techniques such as PCR and loop mediated isothermal amplification are more rapid and accurate for detection of *Fasciola* sp. ([@B14]). PCR method has some limitations such as needs thermocycler and special detection devices. LAMP technique is a relatively new technology in which the reaction can run at a steady temperature and allows amplification of target nucleic acids with high specificity, sensitivity, rapidity, and precision ([@B15], [@B16]).

This assay uses a DNA polymerase, named Bst polymerase stranded replacement activity ([@B17]). This technique is highly specific due to a set of six primers, which binds to six distinct regions in the specific target DNA ([@B17], [@B18]). Simple visual monitoring of DNA amplification with the naked eye under a sunlight and UV light in the presence of SYBR Green I is one of the advantages of LAMP technique ([@B16]). The sequence selected in this study was the ribosomal intergenic spacer (IGS) sequence of *F. hepatica*. IGS sequence is located between the 3′ end of the 28S rRNA gene and the 5′ end of the 18S rRNA gene.

The aim of this study was to develop and evaluate rapid, sensitive, specific, and useful LAMP assay based on the IGS sequences for detection of spiked *F. hepatica* eggs in human feces.

Materials and Methods
=====================

Parasite and Spiking Protocol
-----------------------------

*F. hepatica* samples were collected from the Maysam slaughterhouses, Tehran, Iran in 2017. The eggs were detached from the uterus of worms under a dissecting microscope. Eggs were accurately counted and variable number \[1,1--5,10--15, 20--30, 50--60\] of *F. hepatica* eggs were spiked to 200 mgr. of negative fecal samples were taken from under one-year-old kid (confirmed to be free of *F. hepatica* egg by the formalin-ether technique). Fecal specimens without egg and DNA of other helminths, including *T. saginata*, *F. gigantica* and *D. dendriticum* were used as a negative control. *F. hepatica* specimens previously confirmed by the authors of this paper by molecular methods and morphological standard were used as positive control ([@B2], [@B3]).

PCR and LAMP assay
------------------

Genomic DNA was extracted from fecal samples containing spiked eggs by using the QIAamp DNA Stool Mini Kit (Qiagen) according to manufacturer\'s instructions. All experiments were done in triplicate. All extracted DNA samples were stored at −20 °C until further analysis. The *F. hepatica* specific primers used for the LAMP assay amplification were selected on the basis of a ribosomal intergenic spacer (IGS) sequences ([@B16]) ([Table 1](#T1){ref-type="table"}). The accuracy of the LAMP primers (F3 and B3) for the differentiation of *F. hepatica* were tested using other helminths control samples including *T. saginata, D. dendriticum* and *F. gigantica* by PCR assay. PCR reaction was performed in a 15 μL with 7.5μL master mix (Ampliqon, Denmark), 5.5 μL distilled water, 1μL primers (10 *pmol* of each primers), 1μL (1ng) DNA template. Initial denaturation was done at 94 °C for 5 min, followed by 30 cycles of denaturation (30 sec at 94 °C), annealing (30 sec at 52 °C), and extension (30 sec at 72 °C), and final extension for 7 min at 72 °C.

###### 

LAMP primers sequences used for detection *F. hepatica* targeting the IGS region

  ***Primer***   ***Length (bp)***   ***Sequence (5′-3′)***
  -------------- ------------------- --------------------------------------------
  F3             20                  CATTACCGACTCAGCTTGCA
  B3             20                  ACCAAACGTTCGGTTAAGGT
  FIP            42                  GCCGAATCAACCAGCCCTGAAAATGACGGTCCGGTATAGGTC
  BIP            40                  AGCGGATTCCAACTTCCATGGCACGCGACGCTCATGAGAT
  FLP            20                  GATGGCGCTGGAGCGTCGGA
  BLP            18                  CACCGTCCTGCTGTCTGG

The LAMP assay was conducted in a 25 μL volume with 2.5 μL of 10x Buff, 1.4 mM of dNTP, 8mM of Mgso4, 0.8 mM of Betaine, 40 pmol of each FIP and BIP primers, 20 pmol of each LF and LB primers, 5pmol of each F3 and B3 primers, 1 μL of target DNA, 8 Units of Bst DNA polymerase (New England. Biolabs), 4.5 μL of double distilled water. The reaction was incubated at 62 °C in a water bath for 1 hour. Amplifications were visually detected by adding 2 μl of 1:10 diluted 10000x concentration SYBR Green I dye (Invitrogen). We observed positive solution\'s color changed from orange to green. Additionally, the LAMP products were monitored using 1.5% agarose gel electrophoresis stained with safe stain.

Results
=======

The *F. hepatica* samples, previously confirmed by the authors of this paper were used as positive control ([Fig. 1](#F1){ref-type="fig"}).

![PCR-RFLP pattern of *Fasciola*, Lane1: ITS1 product of *F. gigantica* after digestion with RsaI enzyme, Lane2-4: ITS1 product of *F. hepatica* after digestion with enzyme, Lane 5: ITS1 product of *Fasciola* before digestion, Lane M: 100 bp DNA ladder](IJPA-14-387-g001){#F1}

The specificity of the LAMP primers for the identification and differentiation of *F. hepatica* was tested with other helminthes (control negative) ([Fig. 2](#F2){ref-type="fig"}).

![Specificity of PCR with the LAMP - primers F3 and B3, Lane M: 100 bp DNA ladder, Lane1: *F. hepatica*, Lane 2: *F.gigantica*. Lane 3: *D. dendiriticum,* Lane 4: *T. saginata,* Lane 5: negative control](IJPA-14-387-g002){#F2}

Primers amplified a fragment of 212 bp; after sequencing, our results showed a 100% Identification, 99% Query coverage with the sequence ([Fig. 3](#F3){ref-type="fig"}), consensus partial sequence of the 28S ribosomal RNA gene of *Fasciola* spp.

![Sequence alignment of PCR band obtained in present study in comparison with database FhCM1-*F. hepatica* (GU903890)](IJPA-14-387-g003){#F3}

In the following, the LAMP method was highly appropriate for the differentiation of the species. There was no cross-amplification by other helminths, including *T. saginata, D. dendriticum* and *F. gigantic* ([Fig. 4](#F4){ref-type="fig"}).

![LAMP products under sunlight after the addition of SYBR Green I, a) *F. hepatica*, b) *D. dendiriticum* c) *T. saginata,* d) Negative control](IJPA-14-387-g004){#F4}

To instate the detection limit of the *Fasciola* by the LAMP method, various numbers of *Fasciola hepatica* egg were tested. Results showed high sensitivity of LAMP, even in the low egg numbers. The Green fluorescent of the reaction tube was discernible by the UV light and sunlight at a low level of F*. hepatica* egg. LAMP could detect even a single egg in samples ([Fig. 5](#F5){ref-type="fig"}).

![Sensitivity of the LAMP for detection of *F. hepatica* under UVlight after adding SYBR Green I, a) negative control, b) 1 egg, c) 1--5 eggs, d) 10--15 eggs, e) 20--30 eggs, f) 50--60 eggs, g) positive control.](IJPA-14-387-g005){#F5}

The amplification products were observed on 1.5% agarose gel as a ladder of multiple bands stained with safe stain ([Fig. 6](#F6){ref-type="fig"}).

![Agarose gel electrophoresis of LAMP products using various numbers of *F. hepatic*a egg, L) 100 bp DNA ladder, a) negative control, b)1 egg, c)1--5 eggs, d)10--15 eggs, e)20--30 eggs, f)50--60 eggs, g) Positive control](IJPA-14-387-g006){#F6}

Discussion
==========

Fascioliasis is one of the zoonotic diseases with worldwide distribution caused by *F. hepatica* and *F. gigantica*. Fascioliasis has serious medical and economic impact in the world ([@B1]--[@B3]). *Fasciola* species colonize the biliary tract of humans and ruminants ([@B1], [@B19]). Early diagnosis of fascioliasis by quick, precise and sensitive way is very important to avoid the severity of the disease. The most common phenotypic approaches are often laborious and prolonged ([@B16]).

Despite the clinical symptoms, researchers are still wondering why most *Fasciola* eggs are not seen in common parasitological methods such as formalin-ether. The intensity of infestation and the number of eggs per gram of feces (epg) varies greatly in human fascioliasis. In most studies, low egg outputs, e.g. 1--2 eggs per gram of feces (epg) and 1--4 cross-amplification, have been mentioned ([@B20], [@B21]). In some studies, especially in high prevalence areas, an output of 440 epg in humans has been reported ([@B22]). Certainly, in low-intensity contamination, parasitological methods cannot detect *Fasciola* in infected individuals.

Recent molecular methods, including a LAMP technique, have greatly improved the quick diagnosis of many helminths such as *Fasciola* ([@B16], [@B23], [@B24]).

In a similar study to ours, the researchers added a variable number of *Echinococcus granulosus* eggs \[1--2, 10, 25, 100\] to the non-contaminated dog stool. The LAMP method was capable of detecting contamination in all groups, even 1--2 eggs ([@B17]).

A study was conducted to evaluate the LAMP method and the comparison of this technique with the standard microscopic method in diagnosis of *Opisthorchis viverrini* in Thailand ([@B25]). All samples that were positive by the microscopic method were reported positively by the LAMP assay. Five of the 13 samples were negative by microscopy, but positive by LAMP (38.5%) ([@B25]).

A study compared the LAMP method and PCR assay in diagnosis of *E. granulosus* in China. In this study, the positivity rates were 12.6% and 1.6% by the LAMP and PCR assay respectively. Moreover, the LAMP method could detect the presence of *E. granulsous* in infected dog, four days earlier than the PCR assay ([@B26]).

LAMP method is more rapid, accurate, sensitive and specific in comparison to other methods, such as PCR. Additionally, fecal inhibitors can impact the PCR results. The main problem of LAMP is that it cannot distinguish between the desired products and products of nonspecific amplification, thereby leading to false positives. There are different prevention methods of cross-contamination including, the use of UV (ultraviolet), LED (light-emitting diode) ([@B27]) and dual filter tips. Other ways to prevent contamination are closing reaction tube caps and putting them in plastic bags, cleaning environment with 75% ethyl alcohol ([@B28]) and paraffin oil added to the LAMP mixture ([@B29]).

Another benefit of LAMP technique is that the reaction can be performed on a water bath and it allows easy observation of the results, using UV light. If the LAMP materials hold at ambient temperature, these materials will still retain their quality. This feature could result in the usage of this method in the field settings or in limited laboratory facilities ([@B30]).

Another benefit of this method is the early diagnosis of infection compared to other methods. LAMP was used method to identify *E. multilocularis* in infected dogs. Dogs were experimentally infected with *E. multilocularis*. The LAMP method was able to identify and detect *E. multilocularis* DNA after 12 d post-infection. While the results of the PCR method were positive in 17 d after infection, and the first eggs were observed in the stool, 44 d after infection ([@B31]).

According to our literature review, this study is the first report of experimental usage of the LAMP method for detecting spiked *F. hepatica* eggs in feces. The *F. hepatica*-specific LAMP assays for IGS gene developed in this study is a flexible and quick method, which uses a water bath to maintain the temperature at 62 °C and obtains results within 60 min.

In this study, to prevent the risk of contamination, we autoclaved all equipment and place them under UV light for 20 min. After preparation of LAMP reaction, microtubes containing reaction solution were centrifuged at 12000 rpm for 3 min, and then were placed in −20 °C for 10 min. Finally, the microtubes were placed on the ice and added SYBR Green I dye. The method greatly prevented the contamination of environment and the subsequent reaction. This method of avoiding contamination was very beneficial.

Our results showed that LAMP assay has the potential to be practical in diagnosis and epidemiological researches. This method may be effective for the detection of disease in patients with suspected fascioliasis with the negative results of parasitological methods in endemic countries.

Conclusion
==========

This article was a preliminary study. In the future, the authors of this paper intend to investigate and compare this method with PCR and another technique in detection of spiked *F. hepatica* eggs in stool samples.
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